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ALFALFA SEED PRODUCTION; POLLINATION 
7 STUDIES. 


By C. V. Pieper, Agrostologist in Charge, and Morean W. Evans, Rotanp McKeg, 
and W. J. Morsz, Scientific Assistants, Forage-Crop Investigations. 


INTRODUCTION. 


For a number of years past it has been a conspicuous fact that in 
sections where alfalfa seed is grown commercially the yield varies 
greatly from season to season. Particularly striking examples of 
this variation in yield have occurred in the Milk River Valley of 
Montana, where in some seasons yields of 10 to 12 bushels per acre 
have been obtained, while in other years the crop was almost a 
complete failure. It has been generally supposed that the visit of 
certain insects to the flowers is absolutely necessary in order to 
effect pollination. In accordance with this belief, some have held 
that small crops of alfalfa seed were due to an unsatisfactory number | 
of pollinating insects, while others have suggested that thrips or 
other destructive agencies might be accountable. 

In view of the importance of the matter to alfalfa seed growers, 
investigations of this subject were undertaken, beginning with the 
season of 1906. These investigations have been conducted during 
subsequent seasons at various stations and have resulted in the 
accumulation of a mass of data which throw new light on the sub- 
ject. Incidentally they have revealed the fact that the problem 
is much more complex than had been anticipated, and there is need 
of much further work, especially in the careful correlation of cli- 
matic data, as well as the abundance of insects, with the seed yields 
from season to season. The facts herein set forth substantiate the 
previous belief in the importance of insect visitors, but also show 
that, under certain climatic conditions, automatic self-pollination of 
the flower takes place. The amount of self-pollination varies from 
season to season and with individual plants. Whether self-pollination 
is sufficient to produce satisfactory seed yields is still a matter of 
doubt, but the observations at Chinook, Mont., indicate that at that 
locality this is the most probable explanation. 





Note.—This bulletin deals with the biological problems concerned in the pollination and fecundation 
of the alfalfa flower. It is intended primarily for technical agronomists and botanists. 
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Observations at the same place also indicate that the factors or 
conditions which favor seed production vary during the season, as 
shown by the distribution of pods on mature plants. For instance, 
in the latter part of August, 1910, a great many plants could be found 
on which the earliest racemes to develop in the spring, located at the 
base of the plant, produced large numbers of pods. A little higher 
on the plant most of the flower stalks were almost or entirely bare 
of pods. Still higher on the stem there were a number of large 
well-filled clusters of pods, indicating that for a period of two weeks 
or more preceding August 20 a very large proportion of the flowers 
had developed pods. Near the tip of the stems nearly all of the 
flowers fell off, leaving the stem almost bare of pods. It is probable 
that this variation in seed production at different periods during 
the season was due, directly or indirectly, to climatic conditions. 

At Arlington farm, Virginia, it has frequently been observed that a 
large proportion of the pods fail to set, even when the flowers have 
been artificially tripped. While this is especially true of the flowers 
of the first crop of alfalfa, it seems to be due more to adverse climatic 
conditions than to the vigor of the plants. 


PREVIOUS INVESTIGATIONS OF THE STRUCTURE AND POLLINATION 
OF THE ALFALFA FLOWER. 


According to Urban, the peculiar structure of the alfalfa flower 
by which it trips, or explodes, when visited by certain insects was 
known in the time of Linneus. The first explanation of the process 
of explosion is apparently that of De Candolle,’ in 1832. De Candolle 
states that the explosion of the flower takes place when a certain 
stage of its maturity is reached. ; 

Hildebrand,” in 1866, gives a brief general account of the structure 
of the alfalfa flower, comparing it with both Indigofera and Cytisus. 
He clearly recognizes that the peculiar mechanism of the flower is 
an adaptation for pollination by insects, but states that inclosed 
flowers finally trip in the course of their development without the 
help of insects. Apparently he considers that fertilization may also 
take place in untripped flowers, as the pollen may fall on the stigma. 
His observations were made in Germany. 

In November, 1865, Henslow? presented a paper before the Lin- 
nean Society of London, which, however, was not published until 
1867. Henslow studied carefully the structure of the alfalfa flower 
with a view of locating the explosive force. This he attributed to 
the elasticity of the stamineal tube, but he was uncertain whether the 

1Candolle, A. P.de. Physiologie Végétale, t. 2, Paris, 1832, p. 548. 
2 Hildebrand, F. Ueber die Vorrichtungen an einigen Bliithen zur Befruchtung durch Insektenhiilfe. 
Botanische Zeitung, Jahrg. 24, No. 10, p. 75, 1866. 


3 Henslow, George. Note on the structure of Medicago sativa, as apparently affording facilities for the 
intercrossing of distinct flowers. Journal, Linnean Society, Botany, v. 9, p. 327-329, 1867. 
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curvature is due to the contraction of the cells on the upper side or 
the distension of those on the convex side. After the explosion of 
the flower he states that the tube can not be straightened to its 
original position without causing a transverse fracture. No simi- 
lar elasticity was found in the free filament or in the pistil, but the 
tendency of the keel to open laterally was noted. Henslow also 
observed honeybees gathering nectar from alfalfa flowers, but in no 
instance observed by him was the bee able to trip the flower. He 
also mentions that he did not see bumblebees visiting the flowers. 
These observations were made in England. 

In the same year Delpino described the structure and mechanism 
of the alfalfa flower. He apparently considered the explosive force 
due to the irritability of the stamineal tube. Hildebrand! criticizes 
this conclusion and points out that the explosion is due to the ten- 
sion of the upper filaments in the stamineal tube. He agrees, how- 
ever, that, after tripping, insects are barred from reaching the nectary. 

Urban,” in 1873, refers to some of the preceding literature and 
gives a detailed description of the corolla and of the explosive mech- 
anism. According to his observations, only bees bring about pol- 
lination, although butterflies are frequent visitors. In rare cases 
untripped flowers were found to form pods and seeds. Shortly after 
the flower has been tripped the opening to the nectary is closed by 
the drooping of the edges of the standard. 

In the same year Milier* gave an extended description of the 
alfalfa flower, together with excellent figures, in which the whole 
mechanism is clearly explained. The elastic tension of the stamineal 
column is mainly in the upper stamens, as can be determined by 
dividing the upper ones from the lower. The former then show 
much greater curvature. Miller gives a considerable list of insects, 
including the honeybee and numerous butterflies, which he had 
_ observed sucking nectar from the flowers, but states that he never 

succeeded in seeing the explosion of the flower actually performed 
by insects, though he watched for it frequently. He also states 
that self-pollination in untripped flowers does occur, citing Hil- 
debrand’s work as confirmatory. Miller also calls attention to 
certain imperfections of the mechanism of the flower, namely, that 
nectar secretion continues to take place after the flower is exploded, 
thus continuing to attract insects without obtaining any additional 
benefit, and, second, that bees and butterflies can obtain the nectar 
by inserting the ast eee on one side of the untripped flower, we 
- under no circumstances results in tripping. 

1 Hildebrand, F. H. G. Federigo Delpino’s Beobachtungen iiber die Bestiubungsvorrichtungen bei 
den Phanerogamen. Botanische Zeitung, Jahrg. 25, No. 36, p. 283, 1867. 

2Urban, I. Prodromus einer Monographie der Gattung Medicago L. Verhandlungen, Botanischer 
Verein, Provinz Brandenburg, Jahrg. 15, p. 13-16, 1873. 


3’ Muller, Hermann. Die Befruchtung der Blumen durch Insekten und die gegenseitigen Anpassungen 
beider. Leipzig, 1873, 478 p., 152 fig. 
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Henslow? in discussing self-fertility in Medicago sativa wrote as 
follows: 
This plant, when protected, yielded seeds, as compared with unprotected, in the 


ratio of 101:77. Hence it is highly self-fertile, though specially modified, in having 
“irritable” stamens, for cross-fertilization. 


This note of Henslow has been cited by later writers, but it is 
really an erroneous abstract from Darwin’s discussion of Medicago 
lupulina. Darwin? writes as follows: 

Medicago lupulina (Leguminose). On account of the danger of losing the seeds, 
I was forced to gather the pods before they were quite ripe; 150 flower-heads on 
plants visited by bees yielded pods weighing 101 grains; while 150 heads on pro- 
tected plants yielded pods weighing 77 grains. The inequality would probably have 
been greater if the mature seeds could have been all safely collected and compared. 

As Henslow’s paper is primarily a review of Darwin’s book, it is 
clear from the two quotations that Henslow erroneously wrote 
“‘sativa’’ in place of ‘‘lupulina.”’ This is rendered the more certain 
as Henslow in his earlier paper on Medicago sativa had referred to 
Darwin’s work in a footnote, where the data are properly stated to 
apply to Medicago lupulina. 

In 1895 appeared a paper by Burkill? who reviews the principal 
contributions to this subject by previous writers and adds important 
new observations and experiments. He verifies the conclusions of 
earlier investigators that the explosive action of the flower depends 
on the uppermost stamens of the stamineal tube. Burkill obtained 
no pods in a considerable number of flowers covered with nets to 
prevent insect visits, for which phenomenon he presents an interesting 
explanation: 

Pollen is shed in the bud and lies round the stamens and stigma in a little lens- 
shaped space made by the carina. . . . No seeds are set in the unexploded 
flower in spite of the pollen in contact with the stigma. This is explained by the 
fact that the stigma does not become receptive until rubbed or until its cells are 
injured in some manner. My proof is, I think, conclusive. Firstly, the stigma 
appears not to be moist, but when rubbed on glass leaves a sticky mark. Secondly, 
I have caused flowers to set seed though unexploded, (1) by pinching the stigma 
through the keel, (2) by perforating the keel and rubbing the stigma with a stiff paint 
brush, and (3) by cutting off the tip of the keel and rubbing the stigma with a stiff 
paint brush. An insect visitor exploding the flower will injure the stigmatic papille 
and bring about fertilization. 

Burkill gives a list of 31 insects which he observed visiting alfalfa 
flowers in and near Cambridge, England. In no case did he see a 
butterfly causing the flower to trip, but on one hot afternoon he 

1 Henslow, George. Ontheself-fertilization of plants. Transactions, ter Society, London, Botany, 
s.2, Vv. 1, pt. 6, p. 361, 1879. 

- sae Charles. The Effects of Cross and Self Fertilization in the yun Kingdom. New York, 


3 Burkill,I. H. On the fertilization of some species of Medicago L.in England Proceedings, Cambridge 
Philosophical Society, v. 8, pt. 3, p. 142-147, 1894. 
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watched a bumblebee tripping the flowers in great numbers and on 
two occasions observed honeybees doing the same thing. 

In artificially tripped flowers Burkill found that 12 out of 34 
tripped set seed; 50 flowers from which the standard had been ° 
removed were artificially tripped and none set seed. The impact on 
the standard, Burkill believes, ruptures the stigma sufficiently to 
insure fertilization in about one-third of the cases. Burkill’s inter- 
esting data on the tripping of alfalfa flowers when vertical force is 
applied to the tip of the keel are quoted in full on page 27 of this 
paper. | 

Hunter+ conducted observations on the relation of the number of 
seeds per pod in alfalfa as correlated with the proximity of domestic 
honeybees. He evidently assumes that- honeybees are capable of 
pollinating the flowers, but he does not record any observations of 
his own on this point. Pods were compared from two fields, one 
within half a mile of a large apiary, the other 25 miles distant from 
any domestic bees, none of which were observed in the latter field. 
Of pods taken half a mile from a large apiary, 87 contained 482 seeds, 
or 5.58 per pod; 80 pods taken 25 miles distant from any colony of 
domestic bees produced 268 seeds, or 3.35 per pod. 

Kirchner,” after pointing out that. the data on the self-fertilization 
of alfalfa are contradictory, gives results of his own experiments at 
Hohenheim, Germany. Of exposed clusters of blossoms, 54 on two 
plants with 432 blossoms produced, August 23, 208 pods, which, 
though they were not perfectly ripe, showed that they contained 
636 well-developed seeds. On the other hand, 21 covered clusters 
of blossoms on the same plants with 166 blossoms produced only 2 
pods with 3 seeds. He concludes that alfalfa flowers are self-sterile, 
and suggests that Henslow’s results were due to some experimental 
error. 

Westgate,’ in 1906, Rreeentod a brief review of the work of Henslow, 
Urban, Burkill, and Karohner, calling attention to the Tencgomnants 
in the results of different Senet tnions and pointing out the need of 
further studies. 

Fruwirth* found that inclosed ie occasionally formed a few 
pods at Vienna, Austria. 

Roberts and Freeman® have recorded results of alfalfa pollination 
experiments at the Kansas Agricultural Experiment Station. Great 

1 Hunter, S. J. Alfalfa, grasshoppers, bees: their felationshie: University of Kansas, Department of 
Entomology, contribution 65, p. 84, 1899. 

2 Kirchner, O. Uber die Wirkung der Selbstbestéubung bei den Papilionaceen. Naturwissenschaft- 
- liche Zeitschrift fur Land- und Forstwirtschaft, Jahrg. 3, Heft 1, p. 9-10, 1905. 

3 Westgate, J.M. A method of breeding a strain of alfalfa from a single individual. American Breeders’ 
Association, Proceedings, v. 2, p. 65-67, 1906. 

4Fruwirth, Carl. Die Ztichtung der Landwirtschaftlichen Kulturpflanzen. Bd.3, Berlin, 1906, p. 189. 


5 Roberts, H. F.,and Freeman, G. F. Alfalfa breeding: materials and methods. Kansas Agricultural 
Experiment Station, Bulletin 151, p. 79-109, 14 fig., 1908. 
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differences were observed among individual plants as regards seed 
production. Of seven plants which showed marked differences in 
this respect, five were classified as “strong” and two as ‘‘ weak.” 
When these plants were inclosed in screens to exclude pollinating 
insects the same tendencies remained evident, two of the plants 
producing pods and seeds in much greater numbers than the others. 

In a second series of plants inclosed in screens and self-pollinated 
by hand the percentage of pods to flowers pollinated varied on differ- 
ent plants from 5.5 per cent to 65.4 per cent, and in one exceptional 
instance 115 per cent. In this last case some flowers evidently 
formed pods without hand pollination. A single plant was inclosed 
in a wire cage to exclude insects. On one half the stems the flowers 
were self-pollinated by hand and produced 97 pods containing 118 
seeds. The other half, not hand pollinated, produced 37 pods con- 
taining 59 seeds. 

In another experiment the investigators inclosed one half of each 
of five plants in a screen cage, leaving the other half exposed to natural 
conditions of pollination. The flowers inclosed in the cage were self- 
pollinated by hand; those outside the cage were naturally pollinated, 
but not necessarily cross-pollinated by insects, as assumed. The 
results they obtained are shown in Table I. <A remarkable feature 
is the extraordinarily large proportion of sterile pods recorded. 


TaBLe I.—Results of natural and of artificial pollination of alfalfa, at Manhattan, Kans., 
by Roberts and Freeman. 




















Pods producing 
sends. Number of seeds. 
Method of} Weight | Num- | Num- 

Plant. pollina- | of stems | ber of | ber of Per 10 

tion. (grams). | stems. | pods. Pro- |Average] grams 
duced. | per pod. | weight of 

plant 
No. 29 Insects... 49. 87 11 255 61 2.03 12.2 
BAUS hls mos Basia bia Hand. 35. 63 9 272 14 1.17 3.9 
No. 28 Insects. 103. 88 12 327 164 1. 80 15.7 
SEIS o sap taecl oo Hand.. 114. 00 18 279 236 1. 44 20.7 
No. 97 Insects. 28. 50 8 239 67 1.03 2a50 
HAGA 23 GBS Se Hand.. 37. 00 20 608 128 1. 24 34.6 
No. 98 Insects 85. 50 ll 449 451 1. 96 52.7 
bul dass 33335593506 Hand. 64.13 8 779 70 1. 22 10.9 
No. 109 Insects 14.00 6 198 96 1. 43 68.5 
EEE IS OB Ooo Hand 14. 00 8 311 239 1.32 170.7 
: Insects...} 281.75 48] 1,468 839 1.74 29.7 
Summary. ---- (Hand. 264. 76 63 | 2,249 687} 1.33 25.9 








Brand and Westgate: give a brief discussion of the relation of 
insects to the production of alfalfa seed. These authors assert that 
‘Snsect visitors are essential to the proper pollination of the alfalfa 
flower.”” They state that bumblebees are the most efficient of all 
insects in tripping the flowers and hence bring about pollination. 





1 Brand, C.J.,and Westgate,J.M. Alfalfa in cultivated rows for seed production in semiarid regions. 
U.S. Department of Agriculture, Bureau of Plant Industry, Circular 24, 23 p., 3 fig., 1909. 


ALFALFA SEED PRODUCTION. if 


_Honeybees are not nearly so effective as bumblebees, but should not 
be underrated in this connection, while bees of the genera Andrena 
and Megachile and various butterflies are also valuable agents in 
pollinating alfalfa flowers. 

Results are also given showing the seed production of plants whose 
flowers were artificially tripped in comparison with untreated plants. 
At Arlington. farm, Virginia, artificial tripping resulted in an increased 
production of 25.5 per cent, while at Chico, Cal., an increase of 129 
per cent of pods was obtained. 

Piper,! in a report of the American Breeders’ Association committee | 
on forage crops relating to the breeding of alfalfa, gives an epitome of 
the answers of members to various subjects of inquiry, five of which 
relate to pollination. The answers are diverse, some of them based 
on experiment and careful observations and others more or less. 
expressions of opinion. 

Westgate ? records that he observed over 500 visits of honeybees 
to alfalfa flowers, the flower being tripped in but one case. 

Wildermuth * records with some doubt that he has seen the butter- 
fly of the alfalfa caterpillar (Hurymus eurytheme) trip alfalfa flowers. 
In a personal interview he states that he observed five or six indi- 
viduals trip the flowers during one season, but has not seen it since, 
though he has frequently watched the butterflies. This butterfly is 
very common on alfalfa throughout the Western States. 

It will be noted from the brief reviews given that investigators have 
differed as to their conclusions on several points in connection with 
the pollination of the alfalfa flower. The most important questions 
that affect the problem of seed yield left in doubt are the following: 

1. To what extent are the flowers self-fertile? 

2. Is cross-pollination more effective than self-pollination? 

3. Do alfalfa flowers trip automatically? 

4. Do untripped flowers form pods and seeds? 

5. Is the rupturing of the stigma essential to its becoming receptive? 
6. To what extent do honeybees trip alfalfa flowers? 

In the investigations reported in this paper will be found abundant 
data which go far to clear up the discrepancies in previous work. 


STRUCTURE OF THE ALFALFA FLOWER. 


The structure of the alfalfa flower has been described and illustrated 
in detail by Hermann Miller and other writers. The most interesting 
feature is the explosive apparatus which functions to facilitate poll- 
nation and under proper conditions to favor cross-pollination.. The 


1Piper,C. V. Alfalfa and its improvement by breeding. American Breeders’ Association, Report, v. 5, 
1908/09, p. 94-115 1909. 

2Westgate, J. M. Methods of breeding alfalfa by selection. American Breeders’ Association, Report, 
v. 5, 1908/09, p. 147, 1909. 

8Wildermuth,V.L. The alfalfa caterpillar. U.S. Department of Agriculture, Bureau of Entomology, 
Circular 133, p. 1, 1911. 
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essential parts of the mechanism (fig. 1) are the tension of the stamin- 
eal tube, which is held from contracting by two opposite restraining 
lateral processes on the inside of the keel. These processes are really 


om A A 





Fic. 1.—Alfalfa flower (much enlarged). The left-hand figure shows an optical section of the flower, 
indicating the position of the stamineal column before and after tripping. The upper right-hand 
figure gives a view from above of an untripped flower with the calyx and standard removed; the 
lower right-hand figure, the same after tripping. 


invaginations, on the outside occurring as depressions. Each of the 
wing petals is provided with two fingerlike processes, one extending 
forward and the other backward. The anterior process of each wing 
fits into the depression on the same side of the keel, and the two wings 
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thus serve to strengthen the keel. Contrary to Miller’s statement, 
both of the wings can, by exercising great care, be removed without 
tripping the flower, thus showing that their function is purely sec- 
ondary. The posterior processes of the wing meet on top of the 
stamineal column. They can have but little, if any, effect in confin- 
ing the column in position, as Henslow supposed, for the reason above 
stated, namely, that their removal is not necessarily followed by 
explosion. The keel is not purely passive, but its basal tissues are 
under a lateral tension which tends to pull it open, as Henslow first 
observed. This tension is restrained by the pressure of the stamineal 
tube against the two internal knobs. If both the apex and the base 
of the stamineal column are severed by a razor, so that pressure is 
removed from the keel, the latter will open automatically. If the 
edges of the keel are again brought together, they open as soon as 
the restraining force is removed. In an uninjured flower a very 
slight separation of the edges of the keel, and consequently of the 
restraining knob, will release the tense stamineal column. Heavy 
insects, like bumblebees, may do this by their combined weight and 
pressure on the tip of the keel, but usually it is accomplished by the 
insect’s proboscis separating ever so slightly the upper posterior 
edges of the keel. This may be done directly, but more commonly 
by spreading apart the two posterior processes of the wings and thus 
indirectly spreading the keel. The terminal part of the keel, not- 
withstanding the cohesion of the two petals, has little influence to 
prevent tripping, as, with the inclosed stamineal tube and style, it 
can be cut off with a razor without releasing the explosive mechanism. 

As shown by Henslow, and perhaps earlier by Delpino, the elastic 
tension lies entirely in the coalesced filaments of the nine anthers 
and not at allin the style. With care the style can be severed atthe 
base without affecting the tripping movements, as Henslow pointed 
out. 

After tripping, the opening to the nectary is almost closed by the 
upcurved stamineal tube, but insects continue to visit tripped flowers 
until the wilting of the petals makes the closure complete. 

The occurrence of this explosive mechanism is not unique in the 
alfalfa flower, but is found in at least 20 other species of Medicago 
which have been examined in this connection. In yellow or sickle 
alfalfa the stamineal column is relatively much shorter, but the 
mechanism is thesame. It is also very well developed in Medicago 
scutellata, M. rugosa, M. turbinata, M, rigidula, M. ciliaris, and WM. 
echinus. It is less noticeable in some other annual species, because 
the stamineal column is shorter and not exposed when tripped, as in 
alfalfa and the species just mentioned. Other genera in which 
tripping mechanisms occur are Alysicarpus, Trigonella, Indigofera, 
and Genista. | 

28437°—14——2 
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RELATION OF TRIPPING TO THE DEVELOPMENT OF SEED. 


In order to obtain more abundant data in regard to the relation 
of tripping to the production of pods and seeds, the experiment here 
described was conducted: 

On selected plants, approximately two-thirds of the branches were 
inclosed in fine-meshed mosquito-bar tents to prevent insects from 
having access to the flowers. Tarlatan was the material used for 
the netting. The meshes averaged 25 to the linear inch, thus being 
from one-half to one-third finer meshed than ordinary mosquito 
bar, which was thought to be too coarse to exclude the smaller insects 
which might gain access. The remaining stems of each plant were 
left outside the tent, where the flowers could develop under natural 
conditions. On both portions of the plant a number of racemes were 
marked, each with a tag, and numbered. AI! unopened flower buds 
and all wilted or tripped flowers were cut off from each of these 
racemes, leaving only the fresh, open, and untripped flowers. The 
flowers on approximately one-half of the marked racemes inside the 
netting were artificially tripped. This was done usually by means of 
a slender alfalfa stem or grass stem, pushed down between the keel 
and the standard. On some of the plants used in this experiment, a 
separate stem was used for each flower, so as to exclude pollen from 
other flowers, while on other plants the same stem was used to trip 
several flowers on the same plant. The flowers were fertilized in all 
cases, therefore, with poilen from the same flower or with pollen of 
other flowers on the same plant. The flowers on the remaining 
racemes inside of the netting tent were allowed to develop without 
being tripped through the visit of insects or by any artificial agency. 

This experiment was carried out at Pullman, Wash., in 1908, 1909, © 
and 1910; at Chico, Cal., in 1908 and 1909; at Arlington farm, Vir- 
ginia, in 1908; at Chinook and Havre, Mont., in 1909; and at New 
London, Ohio, in 1912. The summarized results are shown in 


Table II. 


TaBLE II.—Pods and seeds produced by alfalfa flowers on the same plants, free and pro- 
tected from insects. 


A.—OUTSIDE NETTING: FLOWERS DEVELOPED UNDER NATURAL CONDITIONS. 


Total Total lowers Average 

Wear elace Number | number | Number | number pearing number 

5 F of plants. of of pods. of nds of seeds 

flowers. seeds. pods. | per pod 

Per cent 

LG Seis. s se see ee oe IRullimank pees ee 7 633 155 426 24 2. 74 
Chico tees eeaeeee 15 3, 474 321 681 9. 24 Qe 
ATLITICLOM sae eS soot ee 1 80 35 31 43. 75 - 88 
OOD Bieta aie sella Paliman eens oss 15 1, 468 480 1, 730 32. 69 3. 60 
@hinook: 233-52 25.2 o- 10 4 143 320 15.14 2. 23 
LA VIO! os sisecie ere = cere 9 366 a We [ae See 135950| 425052 ces 
Chicosehestae ess -c% 8 1, 589 220 Ne eine seer ey ol Re ere 
NOLO Sete ct sete cise oar Bullman ee. ey. a 6 228 30 38 13.15 1.26 
LORD ae Vos cette New London........ 6 157 56 105 35. 66 1.80 


WOVE ERS Roe at seo ao 77 8,939 |) 1 aOOsSoiant Sonal omer ye me = = eee 
IAVOTAL Css aise omc ne asics ciominesi sia crallem  acmreieare Paaeecryte Famcae os | ees 16. 76 2. 22 
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TABLE II.—Pods and seeds produced by alfalfa flowers on the same plants, free and pro- 
tected from vnsects—Continued. 


B.—INSIDE NETTING: FLOWERS NOT TRIPPED EITHER ARTIFICIALLY OR BY INSECTS. 








Total Total Mlowore Average 
Year Place Number ! number | Number | number bearing | 2Umber 
r i of plants. of of pods. of ods 8 | of seeds 
flowers. seeds. | PO°S: | per pod. 
bf fp fe, 
Per cent 
MOQ Se Se I es ULLMAN a ieletctatas </ee 7 651 25 9 3. 84 1.16 
CHICO Ean re aes 15 4,116 157 230 3. 81 1. 46 
Arlington........... 1 PAT Ley ae Able Pea Gea | We Ma ee AT 
TST OTS A ete eee a Pullman........-... 15 1,500 131 357 8. 73 2.72 
: Chinook. 2 02205522. 10 1,186 138 282 11. 63 2.04 
HT AVTO Sse Gee Meise 9 535 BO pee tsaee te OOO eee mace 
Chico sos tae 8 | 832 DS NCS Ac oe ies TE80) eee 
TUONO es i ies eae aie ers ee Bullman) ss ss 6 314 12 22 3. 82 1. 83 
OD PS eves pc nee New London........ 6 169 il 11 6. 50 1.00 
Mo tales erse aye a ai oes cSt aa ol 77 9, 340 519 QB teers opeaeet rs Cpacte eee oe 
PANV CT AS Ce pepe yral vera tey Arce ae SNM pay NTS ets A Ha DU rR Ne is aN iene 5.55 1.78 
C.—INSIDE NETTING: FLOWERS ARTIFICIALLY TRIPPED. 
LOOSE ee See See palltmanssioisele cls «cio ¢ 7 576 148 205 25. 67 1.38 
CHICO ae asus 54 15 4, 229 1, 086 1,908 25. 67 1.75 
Arlington........... 1 22 7 9 31. 81 1.30 
GOO eee SO Pullman ess Oey. 15 1,379 599 1, 783 43. 43 2.97 
Chinook............. 10 830 370 681 44, 57 1. 84 
(PRAT else saatette hs 9 337 LOS Pec aes: 30./86)|Posee nee 
Chicoee yet oun: 8 1, 250 BAD aie: 27.60) 2 eee 
TOVO Ge eos oese Soe | Pullman? 3252.6 2: 6 296 75 103 25. 33 1.37 
LOUD S Nae se Ria New London........ 6 155 50 91 32. 25 1.80 
MNOS ee tae Ss 2 ea oe ate 77 9,074 2, 784 ANI SON sce contac ale Se reas 


~ In Table II there are no data to indicate what percentage of flowers 
actually tripped by insects or other natural agencies form pods. 
Data on this point were secured by observations at Pullman, Wash., 
in 1908. Flowers which had’been tripped naturally were marked by 
putting a drop of insoluble drawing ink on the calyx of each. The 
racemes were then inclosed in netting to prevent other insect visits. 
The results are shown in Table III. 


TasBLE II1.—Pods and seeds produced from alfalfa flowers tripped under natural conditions. 





Number of pods | Total number of 

Number of flowers. developed from— | seeds developed. 

R 2 From 

aceme. Not Toets Sia flowers 
In ra- | tripped | Tripped me ane not 
ceme. | /TPped-| when in-| flowers. ED an tripped tripped 

closed. Pi OM CES =) lnwnen ine 

closed. closed 
NOMS RG Eee eels cre Linvemcnoie s 11 4 u PAN (ies ASSP e Pas PAS aR 
INOS eA ca OBS EOS Ue De eee ll 8 3 Shelia aialekes yas ee ane Fe 
INK BG ouesoo SA OnE Ce eee een 16 11 sy) CE ae Sea SOAS meas 
SNC ties Li 2 Ma eS a aa 8 6 2 Sheeler ies Dili eee eee 
INR OR ete ein oe sie ce sincre dle 17 11 6 7 1 11 A 
WOO osse4s SSE Sees 10 5) 5 Si Oy De seston 
IN GENE PE EE es Aa eae ate 18 10 8 PATA eID) st Dil he eee ui 
INOHOME Pee eee sec ae geil De. 9 SH eae ag aes Sree eine BON oy oi UR 
NON OMS eee Nien Me no) oc a il 6 5 Ba ie ae 1 Suse 
IN@= ND)2's Sab SSS Ce ee 13 8 5 er RS rau a (ae ad A 
os TL ee ee 15 8 7 Gilead D5 eis eae 
INOS os oo Ube EUR aseerg ese seE 11 7 A erie tcteteieraie| Din ie iss stents 2 
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ripped flowers beartng pods_¢ 223250 17a ie = eee ea per cent.. 58.06 
Flowers not tripped when inclosed bearing pods. ............. doen 5526 
Average number of seeds per pod from tripped flowers............... ae! 
Average number oi seeds per pod from flowers not tripped when in- 

rol (1s 2.6 Ree pee ON fae NR As WMO NOAA,, URANO T Selb oye | icpetaibe Pig aca fa meh Es 1.00 


The abundant data presented in Table II permit the following con- 
clusions: 

(1) Flowers not tripped either artificially or by insects may produce pods. The 
percentage of pods to flowers under these conditions varies from 11.63 to 0, the aver- 
age for 77 plants being 5.55. 

(2) Flowers artificially tripped produce pods in percentages ranging from 25. 33 to 
44.57, the average for 9,074 flowers on 77 plants being 30.68. 

(3) Under natural sonatiiene the percentage of flowers setting pods varies from 9.24 
to 43.75. The average percentage of pods from 8,939 flowers on 77 plants is 16.76. 

(4) The number of seeds per pod in artificially tripped flowers is usually less than 
in naturally fertilized flowers, the average number of seeds per pod for 77 plants being 
1.72 in the former case and 2.22 in the latter. In caged plants not tripped either 
artificially or by insects the pods averaged 1.78 seeds each. The larger number of 
seeds per pod in the exposed portions of the plants is perhaps due to cross-pollination. 


RELATION OF INSECTS TO TRIPPING. 


To obtain data on the efficiency of insects in tripping alfalfa flowers, 
observations have been made at Pullman, Wash.; Chinook and 
Havre, Mont.; Chico, Cal.; and at Arlington farm, Virginia. No at- 
tempt was made to secure a list of visiting species, the object being 
rather to ascertain the relation, if any, of insect visitors to seed forma- 
tion. 

BEES. 

Among the commonest insects which visit alfalfa flowers are honey- 
gathering bees. The data from detailed observations made at Pull- 
man, Wash., and Chinook and Havre, Mont., are shown in Table IV. 


TasBLe 1V.—Alfalfa flowers tripped by different honey-gathering bees. 




















Total Flowers tripped. 
Year. Species. Where observed. tite | 
| visited. | Number. | Per cent. 
[ESE ADRES PEP tees Png wR a ON OADM Oe a Nie PE ey peor et db | 
1909... . pre perner ongtisr ee a ate aoe ae Washes, 30 coe) 318 1 | 0.31 
ADIOS 2 2 GO rss os a ee ce ee fe ees aaine See Oa eee ey ee 189 | 3. 1.58 
HOOD EH DE aes - COXO Rei ae edie ds at se ae eee: Chinook, Mon theese eros 126 6 | 4.76 
1O09mma ly Bomlbus'Sppsb-o sce foes ote aoe Havre, Mout.2 sie oats 268 | 79 29. 47 
1909....| Megachile latimanus.............. Pullman, -Washi-. -s2os.<s252 52 | 47 90.38 
TT (7s es 1 ars sale a ee es ee Chinook: Montes) S22. Jes | 45 | 42| - 93.33 
| 


1 Four species of Bombus were found tripping flowers at Havre, viz, B. awricomus Robertson, B. sepa- 
ratus Cresson, B. bifarius Cresson, B. borealis Kirby. 

It will be noted that the leaf-cutting bee ( Megachile latumanus Say) 

is by far the most efficient, tripping about nine flowers out of every 

ten visited. Bumblebees are decidedly inferior to Megachile, tripping 
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only about 30 per cent of the flowers visited. No attempt was made 
to secure records of different species of Bombus, but there is certainly 
considerable difference in their ability to trip the flowers. The 
larger bumblebees are clumsy insects and at Chico have been observed 
to trip with their feet flowers other than the one in which the pro- 
boscis was inserted. Honeybees trip but few alfalfa flowers, as previ- 
ously noted by other observers. 

In 1907 a single individual of Megachile lattmanus was observed to 
trip 4 flowers in 30 seconds at Pullman, Wash.; another tripped 12 
flowers in 70 seconds, and a third tripped 20 flowers in 2 minutes ‘and 
15seconds. ‘These three bees tripped flowers at the rate of 9.2 flowers 
per minute, or 552 flowers per hour. 

The process of tripping is thus described by Evans: | 

When Megachile latimanus visits an alfalfa flower, it grasps the wings or the keel 
from below, braces its head up against the standard, and in this way forces the wing 
and keel petals apart from the standard, so that it can push its head down and reach 
the honey. Asa result, the flower is usually tripped. When this occurs, the pollen 
is thrown in a miniature cloud that is sometimes visible to the eye. There is abun- 
dant opportunity for the pollen to lodge upon the head and other parts of the bee, 
where portions of it can easily come in contact with the stigma of the next flower 
that is tripped. Occasionally the proboscis of a bee is caught by the pistil, 
which after the flower is tripped presses up quite closely to the standard. When 
thus caught, the bee braces up on all six legs and after one or two vigorous 
shakes releases itself. Such an accident does not result in any injury to the bee, but 
merely occasions a short delay. The insect then rubs its proboscis with the 
two front feet and flies off to gather honey from other flowers. 

Honeybees were also carefully observed by McKee at Chico, Cal., 
in 1909. But few flowers were tripped by these insects, though 
repeated visits seemed to increase the ease of tripping. ‘Thus, one 
flower tripped after four visits by honeybees; another, after seven 
visits. In other cases, however, the flowers did not trip even after 
seven visits by honeybees. 

Short-tongued bees of the genus Andrena have also been observed 
tripping alfalfa flowers both at Pullman, Wash., and at Arlington 
farm, Virginia. 

BUTTERFLIES. 


Various species of butterflies are among the common insect visitors 
to alfalfa flowers, the most abundant at Pullman, Wash., and Chinook, 
Mont., being species of Pieris and Eurymus. Several species of 
butterflies were carefully observed at the two places above mentioned 
as well as at Chico, Cal., and at Arlington farm, Virginia, but in no 
case was an individual seen to trip a flower. In all cases the butterfly 
inserts its proboscis at one side of the flower. Our observations on 
these insects agree fully with those of Urban. 
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MOTHS AND OTHER NIGHT-FLYING INSECTS. 


Owing to the fact that tripped flowers are sometimes abundant 
while day-flying insect Visitors are scarce, it was suspected that night- 
flying insects might be a factor. To secure information on this point 
two series of experiments were undertaken. 

One of these experiments was conducted at Pullman, Wash., in 
1909. Seven alfalfa plants were inclosed in fine-meshed mosquito 
netting. Five of the plants were left under the netting during the 
entire time of the experiment in order to find out what proportion 
of the flowers become tripped when insects were entirely excluded. 
Two of the plants were kept inclosed in netting during the daytime, 
but were uncovered during the night. The results obtained are 
given in Table V. 


TaBLe V.—Alfalfa flowers tripped by night-flying insects at Pullman, Wash., 1909. 


On same plants outside of 


On plants inside of netting. netting: open to insects. 











. | Flowers Flowers 
Plant. plower bearing Plant. bearing 
TOES Al iapods: pods. 

: Per cent. Per cent. Per cent. 
SIN IRI ae PANE SESE oc Se a a ee ce eT I * 0 TAG A NO soe al ase 37.31 
DNS SIE ot a ees ee ops ees SE ese eh Saas ere *0 * 0 NORD seen eee 16.12 
IN ON RE re oP Riis ee eet * 3.92 ESOC TINO WI Ses. eee 56. 60 
INO Woo Sine as past aaa leila a MeN ae ot Sem eae * 3.03 5 OOF RN Oss Osea pean 20. 51 
INO, SV se aCe seers Dee A ete Meee see Sieh Sec ee *0 £1 3G6e SNOs(eeea ee ee 35. 38 
ING R (see see he ot ih Sent ca OE Ne tenn eral T 4.63 TonSel NOs OR eee 30. 35 

TINO Ne Ore ae eT ais Al SNe ors, ere ae ei 7 4.60 7 2.01 





* Inclosed in netting during entire experiment. + Inclosed in daytime; open for night-flying insects. 


A similar experiment was conducted at Chico, Cal. On May 31, 
1909, 400 alfalfa flowers on several different plants were marked and 
observed until June 2. Table VI shows how many flowers were 
tripped during the day or night. 


TaBLe VI.—Alfalfa flowers tripped during different periods of the day and night at Chico, 














Cal., 1909. 

Period covered. Period covered. 
Mice Number ihe Number 
of flowers (in pases 20 Tanta 1 Fen ee of flowers 
From— To— tripped. From— To— | tripped. 
4p.m., May 31.-...-- 7.30 p. m., May 31. 22) |) Lives une ds. .| 2 palit’. aliments 16 
7.30 p. m., May 31...| 5.30 a. m., June 1.. Ol} 2qos me dune) tse 4p.m., Junel.... 18 
5.30 a.m., Junel....| 10 a.m., June ila 23) || 4ap. me une lates 7.320 p.m.,Junel.. 18 
10a.m., ante 0 1la.m., June | IL |} 7.30 p.m.,Junel:.-| 6 a.m. June2-...-- 0 





From the evidence presented in the two preceding tables, as well as 
from the results of observations made at other times and places, it is 
clear that night-flying insects are at most a small factor in tripping 
alfalfa flowers. 
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MISCELLANEOUS INSECTS. 


A number of species of small insects visit alfalfa flowers, not for the 

purpose of getting honey, but to feed upon the pollen and the cellular 
tissue of the flower. The most common insects of this kind are the 
thrips. These insects are found in all parts of the United States, and 
have frequently been abundant in the alfalfa flowers at Arlington 
farm, Virginia; Chico, Cal.; Pullman, Wash.; and at Chinook and 
Havre, Mont. At Pullman 1,119 thrips were found on 16 racemes 
of alfalfa flowers, or an average of 69.9 thrips on the flowers of each 
raceme. At Havre 48 thrips were found on 13 racemes. These 
minute insects do not trip the alfalfa flowers. 
_ In conducting the various experiments described in this paper, 
it has been observed that even when the thrips are present in very 
large numbers the flowers very rarely develop into pods and seed 
unless tripped. On the other hand, when the flowers are tripped, a 
large proportion usually produce pods and seeds, even though the 
thrips are very abundant. The evidence at hand indicates that 
the thrips are neither appreciably beneficial nor injurious in their 
influence upon the development of alfalfa seed. | 

Another insect commonly found on alfalfa flowers is the tarnished 
plant bug (Lygus pratensis). Blister beetles (E'picauta puncticollis 
Mannerheim) are found on alfalfa in abundance at Pullman, Wash., 
feeding on the more tender portions, especially the stamens and style. 
At Brookings, S. Dak., occurs the related Macrobasis unicolor Kirby. 
This beetle, according to R. A. Oakley, does considerable damage 
to the flowers, but incidentally trips many. 


EFFECTS ON SEED SETTING OF VISITS OF INSECTS WITHOUT TRIPPING FLOWERS. 


To determine whether or not the visiting of flowers by insects 

without actual tripping aids in seed setting, observations were made 
at Chico, Cal., as shown in Table VII. The plants designated as A, 
B, and C were in full bloom at the time of beginning the experiment, 
and up to that time were not protected in any way. After counting 
and tageing the old and young flowers to be observed, the plants 
were screened with tarlatan netting, witk the exception of a portion 
of plant B, which was left to develop under natural conditions. 
_ The flowers designated as old flowers were the oldest on the plant 
not tripped at the time the experiment was started, and many of 
them probably had been visited one or more times by bees or other 
insects without tripping. That insects had visited the older flowers 
is merely assumption, but as many bees and other insects were work- 
ing the alfalfa flowers on the days immediately preceding the starting 
of the experiment, this seems probable. The flowers designated as 
young flowers were not yet in bloom when they were screened. 
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TaBLe VI1.—E fects on seed setting of visits of insects without tripping the alfalfa flower 
at Chico, Cal., 1909. 





Pods set. 
Number 
Description of flowers. Plant. of 


flowers. | Number. | Per cent. 





A 109 3 2.74 
Young flowers untripped and protected from insect visitors. -..| 5 34 0 | 0 
40 1 | 2.5 
A 311 5 1.6 
Old flowers untripped and protected from further insect visitors. p 47 0 0 
33 0 0 
Young flowers developed under natural conditions........-.... B 52 31 59. 61 
Old flowers developed under natural conditions...............- | B 7 18 25.71 











These results indicate that a small percentage of flowers set pods 
without insect visitors and that insect visitors that do not trip the 
flowers have no effect. 


EFFECT OF POLLEN FROM DIFFERENT SOURCES. 


To determine the relative effects of self-pollmation and cross- 
pollination, a series of experiments was conducted at Pullman, Wash., 
Chico, Cal., and New London, Ohio. Using the same female parent, 
pollen was applied to the stigma (a) from the same flower, (6) from 
another flower on the same plant, and (c) from another plant of the 
same variety. The results are presented in Table VIII. 


TaBLeE VIII. —Pods and seeds produced by alfalfa flowers when fertilized by pollen from 
different sources. 


A.—WHEN POLLINATED FROM THE SAME FLOWER. 








Number of seeds. 
Plant Bomber Num- | Flowers 





Locality. Year. | “x 3 ber of | bearmg 
* | flowers. | pods pods Total. | Average 
per pod. 
Per cent 
Chico, al ish <A 08 Mla RR Se BES tele 1909 3399 65 iz 26. ON oes al ee 
Malia ee de 4 ice Soe ew De oe eee 9 1909 5099 95 34 SB e Tile eee Ne i ae ea 
Poliiant Wish Ge ee ee eae oer 1910 il 43 9 20.9 11 1.2 
Ce eee ae ea | Ry ee pea 1910 3 29 2 6.9 2 1.0 
ne PRE ee ORLA Bae ep yc che WEST RED AON Os 1910 5 61 42 68.8 55 tee 
Saas ree as ee Ely UM eee 1910 7 50 19 38.0 34 1.8 
New Meno (OM ena eae acaietuiies a ieee eve 1912 1 33 1 3.0 0 0 
Osa: See eee 1912 2 26 16 61.5 24 35 
SD) Oe ee oe Ge A is Bae es 1912 3 13 0 0 0 0 
(DOSE eee Hees 2k a eee eae ae he 1912 4 27 13 48.1 26 2.0 
ID Yr eS epee Sey varie eit i ase baal ir dnl 1912 5 32 12 357/05) 6 ao 
DY ye Set A? ergs OER Do ae aly 1912 6 39 0 0 0 0 
NGS aba 2 eek OE ete vey on iN as A eel Pov spel 513 PGS a 2a 158, |eck ceeeee 


PASVELASO aa Sone te se ee sateen | Seats time seisien Se widis ats shes |mtelosjacie's B20 1 | ac Comas oe 1.4 
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TaBLE VIII.—Pods and seeds produced by alfalfa flowers when fertilized by pollen from 
different sources—Continued. : 


B.—WHEN POLLINATED FROM DIFFERENT FLOWERS ON THE SAME PLANT. 























Number of seeds. 
Plant Number | Num- | Flowers 
Locality. Year. of ber of pear’ 
fiowers. | pods. pods. A Verage 
| Total. per pod. 
| 
Per cent. 
Phico,, a Ny etre ited stom aia wiavaiSiare aie Oc 1909 3399 26 4 DE Oy fis pe aya ey es 
SETS Naat le (DN DN 1909 5099 28 12 ADs Oi Woy Merny SEER aaa 
Pullman, AICVENSY OE ca a UAE is ORCL 1910 i 34 9 26. 5 18 2.0 
TD XO 8 Mend alice i Ue MRS ae ea er 1910 3 69 9 13.0 18 2.0 
ae ER ie ed Ve epee Urey LA TN 1910 5 66 33 50.0 90 27; 
Hated spa tet ete sae AWE I TLS URS 1910 7 59 17 28. 8 21 9} 
New Tendon OM ORE aie en ere La 1912 1 31 1 3.2 0 0 
erate Peay erin NAC Rana yeiay ULI, UL 1912 2 23 19 82.6 63 BHO 
HDD) Rae ie ANDER.) TGR SIN SPST 1912 3 15 6 40.0 8 ig} 
TD XO) Sa gee OS RR eRe 1912 4 26 14 53.8 13 9 
HID) OPIS Rene nae AON Ah Utes ph ac 1912 5 28 8 28. 5 7 .8 
JOXO) Sele cats Sy Sig St oes Re RT aN 1912 6 32 2 6.3 0 0 
SES Gy tea) US spear anenepey ah aM al TS OLY SIRS SR SAIN SVL 437 BY. Se Pace 2385) c eae 
DENNIS IES SES SE S6 ccc sa eH Se Chia es Saye Rela BU KN ge ey SOO rier nities 2. 02 








C.—WHEN POLLINATED FROM FLOWERS OF DIFFERENT PLANTS OF THE SAME VARIETY. 





| 


linia), (CAL eS) AN Si tes ire 1909 3399 44 PTAs (ONAL MIN Ns TU 
Do 


RAE pe QUA sn Ae ei O'all Se 1909 5099 43 15 Poy. SA 1 Fave earn Wah Ne Va ae 
Fulen NRA OLGA es LM ORO Cee 1910 1 38 18 47.4 39 Da 
IE Vee piles ON ay al ea Nee USA SBS 1910 3 54 21 38.8 113 5.4 
Do Me ONE UM ah lex lol hes SS 1910 5 48 24 50.0 49 2.0 
ee Ra Ne SMC IA, Nii) JCS i ea 1910 7 51 20 39.6 58 2.9 
New Bonen: Oia Oa 2 ae Sie eet sies 1912 1 34 10 29. 4 13 68} 
ea arene ap bapeanueag aime GY GS Maa 1912 2 25 18 72.0 27 1.5 
BT) CAS MS Wysclinsiteal Orcs IB LYS 1912 3 19 9 47.3 14 1.5 
TD Yay caper dee Tse LA 0) LV Nie ge 1912 4 20 16 80.0 A7 2.9 
AL) SN LO NECN be a 1912 5 35 14 40.0 15 1.1 
TD Yai See RE oS) DA eral ne 1912 6 35 10 28.5 7 a7 

LTS Ci ey ene Neapoann tient nately op anes Hh Aan ual o te US A tea 446 ZO Gi ae Paes B89 A RAR 

PASC TAS CH ae inn see gtee WINN ao pauls ea is MMos Sahai asilgy ite [ities ole Sele SIVA Uh AG HI [eas alana 2.38 





In the first and second sections of Table VIII the most striking 
fact is the wide variation of the individual plants in their ability to 
form seed when the flower is self-pollinated or pollinated from 
another flower of the same plant. There is clearly a great difference 
between individuals in this respect. In the matter of averages, 513 
self-pollinated flowers produced 165 pods, or 32.1 per cent, while 
437 flowers, each pollinated from another flower on the same plant, 
produced 134 pods, or 30.6 per cent. On the same 12 plants, 446 
‘flowers, each cross-pollinated from anotuer plant of the same variety, 
produced 206 pods, or 46.1 per cent. 

From 114 pods of the self-pollinated flowers 158 seeds were pro- 
duced, an average of 1.4 seeds per pod; 118 pods from the flowers pol- 
linated from another flower on the same plant contained 238 seeds, 
an average of 2.02 seeds per pod; while 160 pods from the cross- 
pollinated flowers contained 382 seeds, or 2.38 seeds per pod. 

It would appear, therefore, that cross-pollination is more potent 
than self-pollination, while pollination from another flower on the 
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same plant gives practically the same results as self-pollination. 
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As 


the same 12 female parent plants were used in all the experiments, 
the factor of individual variation is eliminated. 

At Chico, Cal., in 1909, flowers on different branches of two se- 
lected alfalfa plants were pollinated, (a) from the same flower, (0) 
from a different flower on the same plant, (c) from a separate plant 
of the same variety, and (d) from a different variety. The female 
parent in one case was a plant of Peruvian alfalfa, S. P. I. No. 3399; 
in another, ordinary alfalfa, F. C. I. No. 5099; and in the third, 


Turkestan alfalfa, S. P. I. No. 18751. 


The results at Chico and also 


of similar experiments conducted at Arlington farm in 1908 and 
1909 are given in Table IX. 


TABLE IX.—Resuits of the pollination of alfaifa flowers from different parents. 


CHICO, CAL., 1909. 





Female parent. 


Male parent. 
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12694. PLOVeRCRLe: 2-22 ' 








ers. 


| 26 





| 44 
198 22EMUrKey she Sone eee | 





Number | 
| of flow- 


| Number 





ARLINGTON F4RM, VIRGINIA. 
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The results indicate that cross-pollination is usually much more 
efficient than self-pollination, whether the latter is by the same flower 


or by another flower of the same plant. 


The efficiency of cross- 


pollination is about thé same, regardless of whether the pollen- 
producing parent is the same or a different variety. 
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RELATION OF THE NUMBER OF FLOWERS PER RACEME TO THE 
NUMBER OF PODS FORMED. 


In Table III there is some slight evidence to indicate that racemes 
with many flowers produce proportionately fewer pods than racemes 
with few flowers. This matter was further investigated by McKee 
at Chico, Cal., in 1909, and his results areshown in Table X. Accord- 
ing to these results it would appear that few-flowered racemes produce 
proportionately twice as many pods as many-flowered racemes. 
While this factor is evidently one to be taken into consideration, it 
could hardly modify materially the results shown in Table II, owing 
to the very large number of flowers counted in these experiments. 

These data are the combined readings from 15 different plants. 
Exactly analogous conclusions are shown, however, by tabulating the 
results of each individual plant. 


TaBLE X.—LH fect of the number of alfalfa flowers per raceme on the percentage of pods set. 


Number of seeds. 


Number 
Number { Number Flowers 
Number of flowers per raceme. of O poe of pees setting 
racemes. | flowers. eS a Pp Average | pods. 
aceme. | Total. per pod 
Per cent. 
DEE OLO Re ye ae ae eestor A 153 707 317 2.07 553 Ie 7/ 44.8 
ACPO) PIL hi At ANN RU ae a 138 1, 212 464 3.36 806 si 38.2 
TQ stop e repeater al tl 50 205 4.1 401 1.9 30.6 
TEZP THO) PAs ate NEN aati re a 17 344 68 4.0 96 1.4 19.7 


AUTOMATIC TRIPPING. 


The term “automatic tripping” is used when an alfalfa flower 
becomes tripped without the aid of insects or any other external body. 
This phenomenon was first actually observed at Chinook, Mont., in 
1909, but was suspected from observations of the previous season at 
the same place. In 1909 two of the plants inclosed in netting pro- 
duced pods on racemes from which insects had been excluded. To 
obtain further facts in regard to the process, all wilted and all un- 
opened flowers were removed from a number of the racemes under 
the netting, leaving only opened, untripped flowers, which were 
closely observed during the following days. In the course of a day 
or two several of the flowers had become tripped. On one of these 
two plants the keel petals were partially separating in some of the 
flowers. While these flowers were being examined one flower was 
seen in the process of tripping. The pistil and stamens snapped up 
vigorously against the standard, scattering the pollen around. No 
object had come in contact with any portion of the flower. 

The calyx of each tripped flower was marked with carbon ink as 
soon as it was detected. Those which did not trip were watched until 
the corolla had wilted or the flower had fallen. The number of 
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- flowers that were tripped and the pods that developed from tripped 
and untripped flowers are shown in Table XI. 


TaBLe XI.—Pods and seeds from automatically tripped alfalfa flowers at Chinook, 














Mont., 1909. 
Number of flowers. Number of pods. 
SNE S| | Blowers 
Raceme Flowers f 
EE No. d tripped. From_ |From un-| Dearie 
Total. | Tripped. Total. | tripped | tripped | P°°- 
flowers. | flowers. 
Per cent. Per cent. 
INGGO ee one 34 12 9 75.00 7 7 0 58.33 
INGA Sn Ree Bees 35 11 3 27.27 3 3 0 97.27 
NO So eet cs Lee ae 36 7 2 28.57 0 0 0 
Nos Siakte. ie 37 il 7 63. 63 5 5 0 45. 45 
TS OCA OAL DENN 38 10 9 90. 00 5 5 0 50.00 
NGS escent 39 6 3 50. 00 1 1 0 16. 66 
Motalesaeee lee aware 57 CGY aaa 03 30 21 21 0 les. 
PAV OTAS OLS sian| calsiewrse eels ce comets Lhe fayoete ails lyk EY Paschal paid Pa SU Fl te eee S| [KU 36. 84 
iNT em eee | 30 14 5 35.71 3 | 3 | 0 21.42 
Noo Sateen 31 6 2 33.33 0 0 0 
IND Se is Soe 32 20 14 70.00 8 8 0 40. 00 
TN (ay Oe SCO 33 11 2 18.18 0 0 0 
IN ORS Ee i eae S 34 13 13 100. 00 5 5 0 38. 46 
Dotatven cater Veni 64 Rey Seed 16 | 16 0 | Pea: 
PAV CLAP Cae | Scie ce seme lcci ceite | a eiesie es | 56125) ose [Ee PcRS See eee | 25.00 
Hlowersiiripped:.on plants 3.andi6.:441.32 2207028 ee per cent.. 57.02 
Flowers producing seed on plants 3 and 8._._....-----..------ dorstes 30. 57 
Tripped flowers producing seed on plants 3 and 8_.__-------.. Goon 53. 62 
Untripped flowers producing seeds on plants 3 and 8.---.------ dos 0 


At Arlington farm, Virginia, in 1909, an entire alfalfa plant was 
inclosed in a screen of tarlatan about the time the first flowers came 
into bloom. Ten days or two weeks later the plant was observed 
to be in full bloom. When the screen was removed it was noticed 
that the flowers seemed larger than those on plants that had not been 
screened. Seventeen racemes were tagged to show the number of 
flowers on each, all unopened flowers being removed. The screen 
had been removed only two or three minutes when a snapping or 
clicking sound was heard. On close observation it was found that 
some of the flowers had become tripped. The sound of the column 
striking the standard was quite distinct, but even with very close 
watching no single flower was actually seen in the act of tripping. 
No insects visited the flowers of this plant, and the only way in which 
the flowers could be tripped would be automatic. The day was clear, 
very warm, and with no breeze stirring. The screen was removed 
about 11 o’clock in the morning and for not more than 15 minutes. 
No actual count of the flowers tripped in the manner just described 
wasmade. At first the flowers did not trip very fast, but as the plant 
remained longer in the sunshine the trippings became more frequent. 
At times three or four would be heard almost simultaneously. The 
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flowers that tripped first were on the outside of the plant. The 
screen was replaced, so that insects had no access to the flowers, nor 
was the screen again removed until the seed was mature. 

It was estimated that more than one-half of the flowers counted 
on each raceme thus became self-tripped before the screen was re- 
placed. None were artificially tripped, as extreme care was taken. 
The results are presented in Table XII. 

No flowers already tripped were noticed when the screen was first 
removed. Apparently the tripping was induced when the screen 
was removed by the increased transpiration from the turgid flowers. 
Certainly no insect agency was involved. The total number of pods 
produced was 23.7 per cent of the total number of flowers counted 
and tagged. | 


TABLE XI1.—Results obtained with a single alfalfa plant screened from insects and exposed 
for 15 minutes on a bright, warm day when vn full bloom, thus bringing about the auto- 
matic tripping of its flowers. 


Number of seeds. 





Flowers 
Number | Number : 
Raceme. of flowers.| of pods. bearing 
pods. Total Average 
per pod. 

Per cent 
INO; UEGSGCSS SH EHE AEROS KO ee Ae ee pal See em as Saye ei oes 26 10 38.4 13 1193 
IN@S Qeddbde SosobaebocdeesSenbos suse cBeaueebeHaeua aa 16 3 18.7 6 2.0 
IN@s Beccaceceeoosoode sauce seers Peas ale Sais baie 12 3 25.0 7 243 
ING) Gabsgse San ocasouoeseueebeo ee BaSEseanabsoseEsaneee 17 8 47.0 10 (2, 
IN@s Bogbeoesdcdcassoseaase cece se oboe acne aaeuiote aaseer 20 5 25.0 14 2.8 
IN@s Osgsossoses seonek Geshe ee ee eRe RSE see ace aaa 18 4 2282 8 2.0 
INOs (assadscuseuogogos GSS 5088 Hen DEE Ue Bere Soe ame eee 12 1 8.3 3 3.0 
INI@y Beds ccessbdsasscougeee eee ee eBA eds a Auoe Mae melee 22 3 13.6 6 2.0: 
INOS Qadadecododecsuoocdocosmenddseareraceaaene aeaapas 14 2 14.2 4 2.0 
INI@Y UO. cos sakocdboes 6s 4Ae Eb e aaa Sop oo Ss SeeeE Eanes 14 1 Teal 2 2.0 
IGS TU Soe Bea ales ge Se a ae eee ne 16 2 12.5 4 2.0 
ING) UPR oo so obae Boose oh Hod Bee w OMe Sores aplasia sect 18 2 11.1 5 2.5 
IN@s UB odsse6Socase56s Soe ob oR SAU Re ee aS BeBe Se sMO rE sees 17 6 35. 2 12 2.0 
IN@s We bec oo ddaos sobbed Susp a es@enie see ceceuore Busser 17 4 23.5 10 2.5 
ING, US soscacsscbsdssse4 seu eekeEoe be EE be EeecEness sre 24 5 20.8 10 2.0 
ING, UG ase ckcedectocneses ad MAS SRE Soar Se caee er mer ede 12 4 | 33.3 a te 2 
INO, Ue socceded Gocse ted opp obs Re bH ESE Bac Se Eee pee sae 20 7 35.0 12 1.7 
ADORNS eS SS a A a 295 EO Gea el ae E33 \i;| See ae 
ENS ODEOS CoE GU CCS ESBS OE Co ee DIESE Sear Ria ee ets aa mL Leal a My Pa Rs ene Shaan 1.9 





In 1910 an experiment was conducted at Pullman, Wash., for the 
purpose of determining what proportion of flowers became self- 
tripped. Accordingly, nine alfalfa. plants, which were producing 
more pods and seeds than most of the alfalfa plants in the experi- 
mental plats, were inclosed in netting tents and were closely ob- 
served for several days. , 

The tents in which the plants were inclosed were carefully covered 
with fine-mesh mosquito bar, so that no openings were left for honey- 
gathering insects to gain access to the flowers. The tents were made 
large enough and pains were taken so that no flowers which were 
being watched were in such a position that they could brush against 
the sides or top of the tent. 


sl 
\ 
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After the flowers from which insects were to be excluded had been 
inclosed in the netting tents, they were examined every day or every 
second day until all of the flowers had become entirely wilted. When- 
ever any flower was found tripped, the calyx was marked with a mix- 
ture of carbon black and water in order that the pod which might 
develop from the tripped flower could be distinguished from any pod 
that might develop from a flower that had not been observed to be 
tripped. The unmarked flowers were observed until they wilted, so 
it is certain that none of them became tripped. - 

Table XIIT shows the number of flowers that became tripped and 
also the number of pods and seeds that developed from tripped and 
untripped flowers. 


TaBLe XIII.—Pods and seeds from self-tripped alfalfa flowers at Pullman, Wash., 1910 


Number of flowers. 
Number | Number Metcan 
ofmature| of pods ALE 
Not aon Seeds from 





Plant. 


















































Tri : f 
Total. | and. | tipped | marked | sootkea | “not. | Pods not 
marked. | xed. | | pods. | marked. | 78™*° 
RIGS eee Rip tee re nd 128 9 119 1 0 0| 0 
NO oe tek Nt cata 104 17 87 12 18 4 | 4 
NOON eres ian a 59 2 57 1 0 1 | 0 
Newite eeet, Solr ee 100 15 85 4 3 0 0 
ES Ogee ens ene 62 4 58 0 0 0 0 
S/O, TR ie Sat: eG aS ea 91 1 90 1 1 0 0 
i Lgl RE Os Saas Ld 2 ae 7 3 76 2 4 | 0 0 
Ro 10 ve PRRs a ee | T 71 8 63 0 0 0 0 
CSD Dae 8 sei iy es ae 81 1 80 6 0| 0 0 
WIGLAlIES saat Peewee 1s 775 | 60 | 715 | 21 | 26 | 5 4 
TMOWeTS LEIP pedioe Ja. oi. Soe ee. Us cee eee per cent. . - 7. 74 
‘Tripped, lowers producing pods. 2... 2 at oe eee ee do.... 35.00 
Plowers not iaipped producing pods=.2 2 222-2. 2 ee do-=-) *s09 
Average number of mature seeds per pod from tripped flowers... .-..-- 1, 23 
Average number of mature seeds per pod which developed from flowers 
Hob Observed to be tripped... ose. se eas See ee ee . 80 


Table XIII shows that 7.7 per cent of the flowers observed on the 
nine plants became tripped. In several of the flowers the keel was 
observed gradually to open, and later the flowers were found to be 
tripped. As the tents were made so that honey-gathering insects did 
not have access to the flowers and as care was taken to prevent any 
other object from coming in contact with the flowers, it seems clear 
that the tripping which occurred was automatic. 

Five of the 775 flowers observed produced pods, when no evidence 
that these flowers had been tripped could be found. It is possible 
that three of these flowers may have become tripped without being 
observed or that the carbon which was placed on the calyx may have 
been removed. However, two flowers were found in which the pod 
was developing and the tip of the young pod was protruding through 


ALFALFA SEED PRODUCTION. 23 


the tip of the keel while the flower remained untripped. This proves 
that a pod may develop from a flower without the flower having 
been tripped. The further evidence obtained in this investigation, 
however, indicates that it is only in rare instances that untripped 
alfalfa flowers produce seed. 

In some seasons the alfalfa plants in the fields about Chinook, 
Mont., produce seed in abundance, though honey-gathering insects 
are present in only very small numbers. In other seasons most of 
the flowers fall off the plants without producing pods and seed, and 
only light seed crops are harvested. On August 22, 1910, it was 
found that practically all flowers that had been open for more than 
a few hours had been tripped and that during a period of 10 days 
or 2 weeks prior to this time a very large proportion of the flowers 
had developed into pods. A typical raceme was found to have on 
it 20 flowers which had been opened. Of this number 15 had become 
tripped. The 5 flowers not tripped were newly opened, all being 
located near the top of the raceme. For several days the weather 
had been bright and warm, though not excessively hot. On this 
date flowers just beginning to open were inclosed in netting tents 
and, were watched in order to determine what was causing the flowers 
to become tripped. At this time, however, the weather became 
much colder, a heavy frost occurring on the night of August 24. 
After the weather became colder comparatively few flowers were 
tripped or produced pods. Of a total number of 390 marked flowers 
inside netting tents, only 1 became tripped; of 333 marked flowers 
on plants not inclosed ingnetting, only 3 became tripped. Practically 
all of the flowers that opened after August 22 fell off the plants with- 
out producing pods. Since honey-gathering insects were compara- 
tively rare in the alfalfa fields during the warm weather prior to 
August 22, it seems evident that a large proportion of the flowers 
were becoming automatically tripped and that when the weather 
became colder conditions were no longer favorable for the flowers to 
become tripped and produce seed. 

From the evidence presented, there can be no question that auto- 
matic tripping does occur in alfalfa flowers. It also indicates that in 
rare cases pods form without the flower becoming tripped. 

The evidence also shows that atmospheric or climatic conditions 
greatly affect automatic tripping, so that it is not improbable that this 
factor alone accounts for a great variation in seed production during 
different seasons at the same place. . 

In 1913 it was found at Arlington farm that alfalfa flowers could 
readily be tripped by focusing sunlight upon them with a burning 
glass. The tripping takes place without any evident wilting. 

At Brookings, S. Dak., in 1913, R. A. Oakley observed that when 
the flowers in the shade near the ground were carefully raised into 
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the hot sunshine automatic tripping took place quickly and could 
easily be observed. These observations remove any possible doubt as 
to the movement being automatic. It will take place, however, only 
when the sun’s heat is intense. It now seems clear that automatic 
tripping is induced mainly by hot sunshine, though it is not proved 
that flowers continually in the sunshine will be tripped to the same 
extent as those alternately in the shade and exposed. 


POLLINATION IN RELATION TO THE RUPTURE OF THE STIGMATIC 
CELLS. 


Burkill’s conclusion that the stigma is not susceptible of pollination 
until the stigmatic cells have been ruptured has already been men- 
tioned. To test this matter further, the following investigations 
were conducted by J. M. Westgate in the greenhouse at Washing- 
ton, D. C., by W. J. Morse at Arlington farm, Virginia, and by 
M. W. Evans at Pullman, Wash. Two methods were used. In the 
first, the standard was removed and the flower then tripped. The 
results of the experiment with this method at the three places 
mentioned are shown in Table XIV. 


TABLE XIV.— The setting of alfalfa pods by flowers tripped after removing the standard. 











| Number of seeds. 
Num- | Number! Number} Flowers 
Observer. Place. Year. | ber of |offlowers| of pods | bearing | 
| plants. | tripped. | formed. pods. | Total. | Average 
| | per pod. 
| Per cent. 
Westgate........- | Washington, D.C.| 1908 18 468 74 ER eee eee oe ieee See Ne 
Morseb2 sas ste Arlington farm....| 1908 5 123 28 22.8 37 1.3 
Doe ace =. 15% aaa Gome 5.0 Se 1909 5) 23 10 43.4 16 1.6 
Evans sacle. el eullman. Wash =! 1909 ses se4 113 14 12545) S52 Le SS eee 








| 








These results show clearly that the mechanical effect of the stigma 
striking the standard is not necessary to insure fertilization. Morse 
also tripped flowers, allowing the stigma to strike the standard. 
In these experiments, 76 flowers in 1908 produced 18 pods, or 23.7 
per cent, and 42 flowers in 1909 produced 22 pods, or 52.4 per cent. 
These figures are but slightly larger than where the standard was 
removed. When the stigma was allowed to strike a piece of wood 
used in tripping, 21 flowers in 1908 produced 3 pods, and 12 flowers 
produced 4 pods—percentages 14.3 and 33.3, respectively. Though 
the numbers of flowers used in the last test were small, the results 
do not indicate that any additional benefit was secured. 

The second method was to remove the standard and then sever 
the keel at the base with arazor. The column thus retained its posi- 
tion in the keel unchanged after tripping. The results of the ex- 
periment with this method are shown in Table XV. 
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TaBLE XV.— The setting of alfalfa pods by flowers when the standard was removed and 
the keel severed at base. 


| Number of seeds. 
Num- | Number | Number | Flowers 


Observer. Place. Year. | ber of |offlowers| of pods | bearing 
plants. | tripped. | formed. | pods. Total, | verage 
* | per pod. 
Per cent. 
Westgate......- Washington, D.C.| 1908 13 246 52 QUE is Ue 4 |e aaa ane 
Morse.......... Arlington farm....| 1908 10 120 19 15.9 28 1.4 
1 BX oy ease | (RNC oe Goze eae 1909 1 6 22 12 54.0 23 1.9 
AD Yo yest ee ata a a GORE yaa ae 1909 2 8 27 11 40.8 19 1.7 
Evans.........- Pullman Washi. | 71909 ts2 5.25. 76 13 LU erat etsc ictal ercleteetareteete 
1 Plants screened. 2Plants not screened. 


The proportion of pods to flowers is in fair agreement with those 
tripped otherwise. It would seem, therefore, that no importance can 
be attached to the keel as a passive agent of friction when the column 
retracts. : 

ARTIFICIAL AGENCIES EFFECTIVE IN TRIPPING. 


Any force giving sufficient pressure on the keel, either laterally or 
vertically, will result in tripping the flower. This may be accom- 
plished by means of the fingers or even by the hand in grasping an 
entire cluster or bunch of clusters. Tripping may also be accom- 
plished by means of a stick, straw, or pencil point inserted into the 
flower and then separating the posterior processes of the wing petals. 
In order to determine the relative effect of these various means, an 
experiment was carried out in which tripping was accomplished in 
the following ways: (1) Each flower tripped with a small piece of 
- wood, (2) with a pencil point, and (3) rolled between the fingers. 

The data obtained (Table XVI) show little difference in the effects 
produced by these various methods of tripping. 


TaBLE XVI.—-Effect of tripping alfalfa flowers by different mechanical methods, at 
Arlington farm, Virginia. 


Number of seeds. 
Number Naber Flowers 


Method of tripping. | Year. Plant. of pods. 


(0) 
flowers. 


pods. Average 
Total. per pod. 
Per cent. 

With a small piece of |f 1908 | F.C. I. No. 18....... 21 3 14.2 7 2.3 
wood. | 1909 | F. 6 i nee MS 12 4 33 : 3 ie 

A 2 Z 1908 EF, . No. 18 76 18 ils 
With a pencil point..\) i999 | F1G.1.No.1........ 42 22 52.3 38 1.7 
, 1908 HS CHINO nel Siese a: 75 40 5 Se 
Byroling perncey the!} 1993 | F.C. 1, No.1 22 7 31.8 9 1.3 
Ee eS Pq OOO). |< (5 (a aN Na Ue 43 21 48.8 42 2.0 
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EFFECT OF AGE OF FLOWERS UPON SUSCEPTIBILITY TO FERTILIZATION. 


An experiment by Westgate was performed in one of the green- 
houses of the United States Department of Agriculture at Washing- 
ton, D. C., for the purpose of determining whether the age of the 
flower affects its susceptibility to fertilization. A single plant of 
Peruvian alfalfa (F. C. I. No. 60) was used in this experiment. A 
number of young, prime, and old flowers were artificially tripped. 
For the purpose of comparison, a number of flowers at each stage of 
development were marked, but not tripped. Table XVII shows the 
percentage of flowers which produced pods under each method of 
treatment. , 


TaBLE XVII.—Pod setting in relation io age of alfalfa flowers when tripped. 


| Number 














Number | Flowers Flowers | Number! Flowers 
Age. of flowers| of pods bearing not of pods bearing 
tripped. | formed. pods. | tripped. | formed. pods 
Per cent. Per cent 
pVOUNE flOWETS 22-62 oo ne ee ele 15 7 46. 66 18 
TIME SHO WETS boca ee ee 34 17 50. 00 38 0 0 


Oldthowersi fas ys ue ae 81 40 49. 38 89 3 3.37 


A similar experiment, designed to show at what stages of its devel- 
opment an alfalfa flower may become fertilized and also to throw 
some light on the question as to how long it may remain capable of 
fertilization, was conducted at Pullman, Wash., by Evans in 1909. 
All opened and wilted flowers were removed from a number of 
racemes on five different plants inclosed in netting tents. On the 
following day all unopened buds on these racemes were removed, leay- 
ing only those flowers which had opened during the preceding 30 hours. 
As the experiment was carried out in September, when the weather 
was comparatively cool, the flowers remained fresh and open for a 
longer period than would have been the case in warmer weather. A 
number of the flowers on these racemes were tripped each day up to 
the end of seven days, when the tips of some of the petals were begin- 
ning to wilt. The experiment was discontinued at this time because 
the supply of flowers was exhausted. The number of the flowers 
that were tripped and the percentage of tripped flowers which pro- 
duced pods are shown in Table XVIII. 


TaBLeE XVIII.—Results obtained at Pullman, Wash., in tripping alfalfa flowers at 
different intervals after blooming. 


eee of Bare of| Flowers 


Time from opening of flower until tripped. FSS : p ss pens 
: ormed. pods. 

Per cent 
PARY Foote Scone nciek en erate Cee asa een Sam aelon Sas On eee eee ee 103 27.18 
LAS 5 et yn SO ee eae eee tat One Sa Cie ee SC A ee ee ee 69 18 26. 08 
DP OAYS oa. Soma wae ee Cece ele eee nena e ecm cis aur. Cee eet eee ae 96 36 37. 50 
Wa Ek a ee SN ean IC By eee ay Nn ROR he oS ante eS 64 21 $2. 81 
DIGRYS eet nos ee ee on ee hott enn pee smb se een Le ee oe ae oe 7 19 24.05 
"CG FR Pe WE oy ee Se ee ne Vea Ay a ae cme eae Soe Ys EOE 53 28 52. 83 
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A number of flowers were left untripped on these plants. Less than 
5 per cent of the untripped flowers produced pods. 

The results of both experiments, as tabulated, show that there is no 
definite relation between the age of the flowers when tripped and the 
proportion of pods developed. Clearly there is no diminution in the 
ability of the flowers to become fertilized as long as the flowers remain 
open. 

FORCE NECESSARY FOR TRIPPING. 


Burkill’s results in measuring the force necessary to trip alfalfa 
flowers are thus reported: 


_ That the separation of the basal processes is the legitimate and almost only natural 
method of exploding the flower is obvious from the following consideration. By 
means of a fine wire hung onto the ale, weights to a known extent were suspended 
from them. In September, 1892, flowers obtained near Poulton (Gloucestershire) 
were found to explode with an average weight of 1.68 grams (maximum and minimum, 
2.37 and 0.93). Now, an insect visiting the flower rests its weight on the points whence 
these weights were hung. The worker of Apis I find to weigh about 0.096 and Bombus 
hortorum (large specimens) 0.199 grams. The mere weight of these two insects is 
therefore quite insufficient to explode the flower. Moreover, the pedicel of the 
flower bends under a weight insufficient to explode the flower, so that in these experi- 
ments I found it necessary always to fix the flower by a wire hooked into the standard; 
and, again, the hive bee so settles as to hold the parts of the flowers together with 
its feet. 

By the same method of experiment I discovered that the flower is not always in the 
same degree of explosiveness; the hotter the weather the more explosive is the flower. 
In cold weather the flower frequently remains unexploded for eight or nine days, after 
which it withers, but in hot, sunny weather I found three days to be the maximum 
duration, for explosion is brought about often within 24 hours from the opening of the 
bud. We must remember in this connection that M. sativa is of Persian origin and 
has only traversed Europe northward by slow degrees. 

Shaking by the wind can not explode the flowers. Pieces of paper with a surface 
of 184 and 22 square inches were tied to stalks of this plant in order to give more power 
to the wind, but no effect was observable from the shaking it produced. 


Table XIX gives the results of experiments carried out by West- 
gate with an apparatus similar to that used by Burkill. His results 
confirm those of Burkill in showing that the force required is much 
ereater than the mere weight of bumblebees or other insects which 
trip alfalfa flowers. They also show clearly that the force required 
diminishes as the flowers become older. There is also a considerable 
range of variation in the weight required to trip different flowers of 
approximately the same age. 


1 Burkill,I. H. On the fertilization of some species of pecicaee L.in England. Proceedings, Coucloels: 
Philosophical Society, v. 8, pt. 3, p. 146, 1894. 
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TaBLe XIX.— Weight (in grams) necessary to trip alfalfa flowers on different plants at 
different stages of maturity. 


AT ALMA, NEBR.1 









































Young Prime Old 
Plant. flowers. | flowers. | flowers. 
SOY OM (2 A gt A ae ety Pa as he Aa ES Ee en Ne las EW unl yas Hoya 2.14 1. 49 0. 68 
eat gt a Te 38 oS en hy em ee ce a ae A Coen Ooh epeer er Minn oe cae Sr shel Ce 3.89 So Asay / 
LN Deca) G74 Wi Tas APR ah iy SN pat Pes A Se eae RO he. Shs LI gs a LN ca ar tlk 6. 42 3. 56 2. 60 
MD So Sec Rs ee Se AS ec! See ge IIe an, bp eRe aay 2. 54 1.30 
a Dee ak ae Sa cert ete oe Re ee AE eke NPR pO cee Sie epee OMe eee a fsa 3. 69 2.14 
Average ts. O14. Meare foes eth SRE teed epee oe | 5.18 2.92 2.07 
AT ARLINGTON FARM, VIRGINIA.2 
UAC MT AGO RES Soy sem cts ses Be Re es ERD Se ee ee ae We ee 6. 57 ate, 1.68 
ve ota eal Buk: D7 (Ae ates a eee EE en Ae UR Ae RR ees ee ee Eee are 2. 07 1.49 335: 
Sh fice lav DAP Me AE LE oll sat tle ple ane ai al ated Seam P ded a se 4 4.79 3. 04 | 45 
SSS i 
yA oes ele ae ce Oe a ap Oe Nite Sol Oe, 2 | 4,94 | 2.33 | 71 


1 Experiment performed August 4, 1908. ‘Temperature 98° to 101° F.; humidity very low; bright sun. 
Number of flowers used in experiment as follows: Young, 16; prime, 22; old, 21. 
2 Experiment performed July 2, 1908; used one flower at each stage of maturity. 


Observations made at different times and places indicate that 
wind or rain do not ordinarily cause alfalfa flowers to become tripped. 
Even when blowing with high velocity the wind sways the plants 
back and forth usually without causing the racemes to strike against 
adjoining plants. At Chinook, Mont., during a high gale accom- 
panied by a rainstorm, which lasted for a few minutes, a small pro- 
portion of a number of flowers that had been marked was tripped. 
The number of flowers which become tripped through the influence 
of wind or rain, however, in ordinary seasons is evidently small. 


EFFECT OF PARTIAL SHADE. 


In conducting the experiments described in this paper it has been 
observed that on the different plants used those flowers which have 
been inclosed in the covering made by a single thickness of mosquito 
bar remain in bloom longer and that the petals seem to be larger 
than on those flowers which were not inclosed. As it seemed possible 
that the effect of the slight shade or the breaking of the force of the 
wind might also influence the development of pods and'seed, an experi- 
ment was performed at Pullman, Wash., in 1908, to obtain some infor- 
mation in regard to this point. 

Several plants were selected, and a portion of each plant was 
inclosed in a tent made of netting (tarlatan); the remaining portion 
of each plant was not inclosed, but was protected on three sides and 
partially from above by one thickness of netting, which was between 
the plant and the sun and also between the plant and the prevailing 
winds, yet did not prevent the access of bees and other insects. 
The results of this experiment are shown in Table XX, in which the 
results secured on unprotected plants at the same time and place are 
also presented for the purpose of comparison. 
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TaBLE XX.—Pods and seeds formed on alfalfa plants at Pullman, Wash., in 1908 under 
different conditions as regards shade and insect visitation. 


























NeeaD Number of seeds. 
Number | * haa ae Flowers 
Plant. Conditions. of “level. | bearing 
flowers. oped. pods. Total. ae 
Per cent. 
Flowers open to insects, sun, and wind... 869 207 23.8 574 PI UU 
No. 03 . Geo 35 21.8 53 1.51 
No. 03-A. Shaded by one thickness of netting, in- a a aa ge sols 
NO “if sects not excluded a5 a ale . ie 2. 83 
(0) oll] [ae ea oa Se Ra ee = : 1.95 
No. 89-A. 71 18 25.3 41 2F 27; 
LNG a in a Sg ST 513 DPA fee) ae ea aa 296) | 2 vee semen 
INSTR Sa SHOR OS son es UN ox ay a eget) (NL hs se I a ee DAN T| eR ete 2.33 
No. 03 ... 141 14 9.9 19 1.35 
No.03-A. aes ‘ 99 7 7.0 19 vi 
No. 41 ...|$Entirely inclosed in mosquito netting. ... 132 4 3.0 5 1.25 
No. 89... 105 2 1.9 3 1.50 
No.89-A. 43 0 0 0 0 
AINE RS co ae rs I IN ES eee 520 Diller ees olive oid em aenre ee 





Average.......---. lek mul SPA A LD | grea Heli | EW d i Aaga ogee 1.70 


As shown in Table XX, 23.8 per cent of the flowers which de- 
veloped under natural cont Hime produced pods. The average num- 
ber of seeds per pod was 2.77. On the stems where the flowers were 
screened from sun and wind by one thickness of mosquito netting but 
which were open to the visits of honey-gathering insects, 24.7 per 
cent of the flowers produced pods, which contained an average 
number of 2.33 seeds each. On the stems which were entirely in- 
closed by one thickness of mosquito netting, thus excluding insects, 
5.1 per cent of the flowers produced pods, which contained an aver- 
age number of 1.7 seeds each. 

In this experiment the proportion of flowers producing pods and 
the number of seeds per pod were practically the same when the 
flowers were screened from sun and wind by one thickness of mosquito 
netting, which did not exclude insects, as when the flowers developed 
under natural conditions. It is evident from these results that the 
shade produced by a covering of one thickness of mosquito netting 
had in this case no appreciable effect on the setting of pods. 


PRACTICAL ASPECTS OF TRIPPING. 


The recognition of the efficiency of tripping in the seed setting of 
alfalfa makes it possible to secure inbred seed whenever cross-polli- 
nation is not desired. This can be accomplished by isolating the 
plants to any degree that is necessary and then tripping, using such 
artificial means as are called for by the extensiveness of the opera- 
tions. The observed increase of the seed crop thus obtained indicates 
the possibility of adopting this method on an extended scale to secure 
alfalfa-seed crops, especially where the plants are grown in cultivated 
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rows. It may be practicable to utilize some simple type of machine 
that will artificially trip alfalfa flowers and thus increase the seed 
crop. ‘This subject is at present under investigation. Another pos- 
sibility lies in propagating such bees as are effective pollinators. It 
might, indeed, be profitable to introduce into the United States the 
bees that are most effective in the native land of alfalfa. 


TRIPPING IN RELATION TO SEED SETTING IN ANNUAL MEDICAGOS. 


To determine the relation of tripping by insects to seed setting in 
the annual medicagos, a number of the species were covered by cages 
so made as to exclude all but very minute insects and left through 
the flowering and fruiting period. The species which at Chico, Cal., 
formed pods readily and apparently as well as in the open are shown 
in Table XXI. 


TaBLe XX1I.—Species of annual inedicagos readily forming pods under cover of cages. 














Plant designation. | Species. || Plant designation. | Species. 
S. P. I. No. 10725.......| Medicago orbicularis. Bobs Nola 1183-025 i Medicago tuberculata. 
S. P. I. No. 19433........ M. hispida confinis. S. P. I. No. 26077.......| M. scutellata. 
S. P. I. No. 22649......., M. hispida denticulata. | S. P. I. No. 28790.......| M. tuberculata aculeata. 
S. P. I. No. 19449....... | M. turbinata. } S. P. I. No. 9743........| M. muricata. 
S.P.I \| 
I] 


- No. 19442.....-. | M. rugosa. 


Whether the flowers in any of these species set seed without trip- 
ping can not be stated positively, but so far as could be determined 
they became tripped before setting seed, and apparently the tripping 
was automatic. However, this point could not be determined defi- 
nitely in all cases. The flowers in some of the species have a very | 
short stamineal column. This makes it difficult to observe the trip- 
ping process as readily as in species with a long stamineal column. 

In two species (S. P. I. No. 30111, Medicago ciliaris, and 8. P. I. 
No. 16874, Medicago echinus) pods did not form in as large numbers 
inside the cages as outside, but even with these a number of pods 
formed in the cages. 

To determine whether artificial tripping is beneficial in Medicago 
echinus, flowers of this species were worked as follows: 

Six racemes, containing 28 flowers, were artificially tripped, resulting in three 
pods forming. 

Four racemes, containing 21 flowers, were left untripped as a check, and these set 
one pod. 

The number of racemes rather than the number of flowers should 
be used as a basis of comparison, as not all of the flowers ever set pods. 

In Medicago echinus there are five to seven flowers in a cluster, but 
only one or two burs form from this number, even though all the 
flowers in a cluster are tripped. 
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GENERAL CONCLUSIONS. 


The numerous researches of previous investigators on the pollina- 
tion of the alfalfa flower have resulted in somewhat divergent con- 
clusions. In but few cases has any attempt been made to determine 
the relation of pollination to the resultant crop of seed. 

The opinion has prevailed that insect pollinizers are of vital im- 
portance and that in the absence of these in adequate numbers the 
resultant seed crop is necessarily small. 

It has, however, been generally recognized that climatic conditions 
are important, as practically all the commercial seed is raised in 
regions having a semiarid climate, at least during the time the seed 
crop is made. 

Alfalfa flowers remain fully susceptible to pollination from the time 
of opening until the petals wither. Pollination is ordinarily effected 
when the elastic stamineal column has become “‘tripped.”’ No 
evidence was found to favor Burkill’s theory that tripping effects 
the rupture of the stigmatic cells and that this is an important factor 
in fertilization. Flowers tripped in various ways to prevent any 
stimulation or rupturing of the stigma by contact set pods equally as 
well as those tripped naturally. 

Flowers tripped artificially, and therefore self-pollinated, set pods 
freely. In one series of experiments on 77 plants at 7 different places, 
9,074 flowers set 2,784 pods when artificially tripped (a percentage 
of 30.68), while 8,939 flowers on the same plants exposed to natural 
conditions set 1,499 pods (16.76 per cent). The pods from artifi- 
cially tripped flowers contained an average of 1.72 seeds each, while 
those from naturally tripped flowers averaged 2.22 seeds each. 

Pollination from a different flower on the same plant is no more 
effective than self-pollination, but pollen from another plant increases 
both the proportion of pods set and the number of seeds per pod. It 
makes but little difference whether the pollen parent be the same or a 
different variety. 

Tripping in alfalfa flowers may be automatic or may be effected by 
insects and other external agents. Untripped flowers form pods and 
seeds only in rare instances. Automatic tripping is a normal phe- 
nomenon. On two plants at Chinook, Mont., in 1909, 33 out of 57 
marked flowers became automatically tripped on one plant and set 
21 pods, and under the same conditions 64 flowers on the second plant 
produced 16 pods from 36 automatically tripped flowers. The per- 
centage of pods to flowers on the first plant is 36.84 and on the second 
25. These are quite as high as normally occur under natural field 
conditions. In a similar experiment at Pullman, Wash., in 1910, 60 
flowers out of 775 on 9 plants became self-tripped, and 21 of these 
set pods. In this case only 7.74 per cent of the flowers automati- 
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cally tripped, of which 35 per cent set pods, while under natural 
conditions the same season 13.15 per cent of the flowers developed 
pods. 

There is a wide range of variability in alfalfa plants as regards 
the readiness with which the flowers become tripped, either auto- 
matically or by the aid of external objects, and also in their ability 
to set fruit when tripped. The number of pods set is not propor- 
tional to the number of flowers, as a smaller proportion of pods is 
produced on many-flowered racemes than on few-flowered racemes. 

Automatic tripping takes place most frequently in hot sunshine. 
Humidity is doubtless also a factor. Automatic tripping can readily 
be observed by focusing a burning glass on open flowers or by sim- 
ply bringing shaded flowers into the sunshine on a hot day. 

Insects are the natural agents of cross-pollination in alfalfa, but 
even where they are scarce, good crops of seed may be produced. 
Bumblebees and leaf-cutting bees (Megachile) are the most efficient 
insects to trip alfalfa flowers. Honeybees secure much honey from 
alfalfa, flowers, but trip only a very small percentage of the blos- 
soms. Night-flying insects are of negligible value. Butterflies have 
never been observed to trip a flower during the course of these studies. 

Rain or wind causes but few alfalfa flowers to become tripped. 

Automatic tripping with consequent self-pollmation probably 
results in the setting of as many pods as does tripping by insect 
visitors, at least in the West. This conclusion is also in accord with 
the observation that excellent seed crops are produced in sections 
where bumblebees and other insects capable of tripping alfalfa flowers 
are decidedly scarce. 
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